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(54) HEAT INSULATION BOX, AND VACUUM HEAT INSULATION MATERIAL USED THEREFOR 



(57) By using vacuum heat insulator comprising a 
core made of laminated sheets of an inorganic fiber hav- 
ing a particular shape and composition as a vacuum 
heat insulator for a heat insulation box, a heat insulation 
box excellent in long-tenn heat insulating property and 
productivity can be provided. The vacuum heat insulator 
can be shaped easily. Therefore, a vacuum heat insu- 
lator suitable for a required heat insulation portion can 



be produced easily and applied to a heat insulation box. 
This property can increase coverage of the vacuum heat 
insulator on the heat insulation box, thus improving the 
heat insulating property of the heat insulation box. This 
can improve the heat insulating property and productiv- 
ity of a refrigerator, thermal storage box, cold storage 
box, or vending machine, and contribute to an energy 
saving. 



FIG. 7 . : 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a heat insula- 5 
tion box that can be used for apparatus, such as a re- 
frigerator, thermal storage box, cold storage box, vend- 
ing machine, a water heater. It also relates to a vacuum 
heat insulator used for these apparatus and to the heat 
insulating structure of the heat insulator. io 

BACKGROUND OF THE INVENTION 

[0002] Energy saving in electric appliances is an un- 
avoidable important problem to address in recent years. ^ 5 
Also in a heat insulation box used for a refrigerator and 
other various kinds of electric appliances, improvement 
in the performance of the heat insulator is becoming es- 
sential. On the other hand, positive efforts to conserve 
terrestrial environment is becoming important. One of 20 
urgent requests to electric appliances is energy saving: 
thus, improving heat insulating property of heat-related 
electric apparatus is becoming an Important problem to 
address. 

[0003] One of heat insulators that have recently been 25 
developing mainly by manufacturers of electric appli- 
ances and heat insulators for energy and space saving 
is a vacuum heat insulator that has excellent heat insu- 
lating property. An example of the vacuum heat insulator 
is made by covering a core made of a rigid urethane 30 
foam having continuous pore with a gas-barrier laminat- 
ed film and evacuating the inside thereof. This vacuum 
heat insulator has heat insulating property approximate- 
ly 2.5 times the heat insulating property of conventional 
rigid or soft urethane foam or resin foam. 35 
[0004] Japanese Patent Examined Publication No. 
H05-63715 discloses a vacuum heat insulator using a 
fibrous aggregate. A use of the fibrous aggregate of 
glass fibers, ceramic fibers, or resin fibers as a core of 
a vacuum heat insulator provides a light and deformable ^0 
vacuum heat insulator. 

[0005] Moreover, according to Japanese Patent Ex- 
amined Publication No. 30-3139, a vacuum heat insu- 
lator made of a core of glass fibers each having a diam- 
eter of 250 ^m or smaller is proposed. Inside of the vac- 45 
uum heat insulator is maintained to a degree of vacuum 
of 0.75 Pa or lower. Japanese Patent Laid-Open Publi- 
cation No. 60-208226 discloses randomly laminated in- 
organic fibers having a small diameter In a direction per- 
pendicular to a heat transfer direction, and another fib- so 
ers are sewn perpendicularly to the laminated inorganic 
fibers halfway to form a core of a vacuum heat insulator. 
[0006] An example of binding fibers using a binder Is 
disclosed in the Japanese Patent Laid-Open Publication 
No. H-1 38058. In this invention, a fiber material such as ss 
glass wool is molded using an organic binder, and used 
as a core of a vacuum heat insulator. 
[0007] However, these conventional techniques have 



following problems and thus are difficult to be put to 
practical use. 

[0008] For example, the vacuum heat insulator dis- 
closed In Japanese Patent Examined Publication No. 
30-3139 is difficult to be formed into a specific shape 
because it is made of glass fibers only. When a sheet- 
form vacuum heat insulator is to be produced, using the 
fibers as a core of the vacuum heat insulator requires 
much manpower because the fibers themselves do not 
have shape-keeping property. 

[0009] Since the inorganic fibers are sewn with other 
fibers in Japanese Patent Laid-Open Publication No. 
60-208226, the shape-keeping property is imparted to 
the fibers themselves and the problem of the shape- 
keeping property is solved. However, as general meth- 
ods cannot be used to sew the fibers, while reducing the 
heat conduction, the process has a problem of high pro- 
duction cost. 

[0010] Japanese Patent Laid-Open Publication No. 
H-1 38058 proposes binding fibers using an organic 
binder as a method of imparting the shape-keeping 
property to fiber material. However, the publication only 
discloses the type of- the binder and does not disclose 
an amount of the binder or a composition of the fiber. 
Thus, there is a problem that it is difficult to bind fibers 
using the binder while maintaining the heat insulating 
property suitable for a vacuum heat insulator. In addi- 
tion, when organic fibers are used for a core, the core 
generates gases during a long-term usage, thus, the 
heat insulating property may be degraded. 
[0011] In order to improve a heat insulating property 
of a heat insulation box, a heat insulation box that uses 
a heat insulator using a resin foam or powder as the core 
has been proposed. Such a core has a problem of long- 
term heat insulating property or workability. As de- 
scribed above, the conventional techniques have the 
problems such as a poor workability of the vacuum heat 
insulator, or a premature stage of product development, 
and the advantages of fiber aggregates are not utilized 
sufficiently. 

[0012] In consideration of the above problems, the 
present invention aims to provide a heat insulation box 
excellent in heat insulating property and in productivity 
by using a core made of laminated sheets of an inorgan- 
ic fiber, the core of the heat insulator is excellent in long- 
term reliability and in workability. 

DISCLOSURE OF THE INVENTION 

[001 3] In order to address the above problems, a heat 
insulation box of the present invention uses, as a heat 
insulator, a vacuum heat insulator that includes a core 
made of laminated sheets of an inorganic fiber, and a 
laminated film sandwiching the core. Further, a laminat- 
ed film disposed on one side of the laminated sheets 
and a laminated film disposed on another side of the 
laminate sheets have different lamination structures. 
Moreover, the vacuum heat insulator includes an ad- 
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sorbent as required. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a sectional view of a vacuum heat insulator 
of the present Invention. 

Fig. 2 shows a cut-off portion provided along a side 
of an inorganic fiber sheet of a core of a vacuum 
heat insulator of the present invention. 
Fig. 3 shows a cut-off portion provided in a part of 
an inorganic fiber sheet of an uppermost layer. 
Fig. 4 shows a cut-off portion provided in a part of 
an inorganic fiber sheet of an intermediate layer. 
Fig. 5 shows cut-off portions provided in parts of all 
inorganic fiber sheets. 

Fig. 6 is a perspective view of a refrigerator in ac- 
cordance with a second exemplary embodiment of 

the present invention. 

Fig. 7 is a schematic view of a heat insulation box 
in accordance with a third exemplary embodiment 
of the present invention. 

Fig. 8 is a schematic view of the heat insulation box 
in accordance with the third exemplary embodiment 
of the present invention. 

Fig. 9 is a schematic view of a heat insulation box 
in accordance with a fourth exemplary embodiment 
of the present invention. 

Fig. 10 is a schematic view of a heat insulation box 
in accordance with the fourth exemplary embodi- 
ment of the present invention. 
Fig. 11 is a schematic view of a lid in accordance 
with the fourth exemplary embodiment of the 
present invention. 

Fig. 12 is a sectional view of a heat insulation box 
in accordance with a fifth exemplary embodiment of 
the present invention. 

Fig. 1 3 is a sectional view of a refrigerator in accord- 
ance with a sixth exemplary embodiment of the 

present invention. 

Fig. 14 is a sectional view of an insulation box in 
accordance with a seventh exemplary embodiment 
of the present Invention. 

Fig. 15 is a sectional view of a water heater in ac- 
cordance with an eighth exemplary embodiment of 
the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 5] Exemplary embodiments of the present inven- 
tion are described hereinafter using specific examples. 

First Embodiment 

[0016] Fig. 1 is a sectional view of a vacuum heat in- 
sulator in accordance with an exemplary embodiment 
of the present invention. Vacuum heat insulator 1 com- 



prises core 2. enveloping member 3, and adsorbent 4. 
[0017] One side of the enveloping member 3 is made 
of a four-layer laminated film. The outermost layer of the 
laminated film is a polyamide layer (16 p.m) as a surface 
5 protection layer and the inner layer thereof is a polyeth- 
ylene terephthalate layer (12 ^.m). Enveloping member 
3 further has an aluminum foil (6 ^m) as an intermediate 
layer and a high-density polyethylene layer (50 ^m) for 
heat-sealing. 

10 [0018] Another side of the enveloping member 3 is 
made of a four-layer laminated film comprising surface 
protection layers of a polyamide layer (1 6 p.m) and a pol- 
yethylene terephthalate layer (12 ^m), an intermediate 
film layer made of an ethylene-vinyl alcohol copolymer 

15 resin composite film (1 5 ^m) having a vacuum deposited 
aluminum on an inner side thereof, and a heat seal layer 
made of a high-density polyethylene layer (50 ^.m). 
[0019] In the vacuum heat Insulator 1 of the present 
invention, a laminated film of an aluminum foil is used 

20 for one side of the enveloping member 3 and another 
side thereof is made of a laminated film having the vac- 
uum deposited aluminum. Thus, heat conduction is ad- 
justed according to a temperature of the subject the vac- 
uum heat insulator contacts. As a result, the heat Insu- 

25 later in its entirety can inhibit heat leak caused by the 
highly heat conductive aluminum foil, and an amount of 
gases entering into the heat insulator can be sup- 
pressed because of an existence of the deposited metal 
film excellent In gas barrier property. 

30 [0020] In other words, because the aluminum foil is a 
metal film, it permits no gas entry even at an elevated 
ambient temperatures. However, the resin layer having 
vacuum deposited aluminum has permeability to gases 
with temperature increase. The gas-permeability de- 

35 creases the degree of vacuum in the vacuum heat insu- 
lator, thus deteriorating the heat insulating property. To 
avoid the degradation, it is effective to place the alumi- 
num foil side of enveloping member 3 of the vacuum 
heat insulator on a side exposed to higher temperatures. 

<o Thus, the structure of the vacuum heat Insulator of the 
present invention can suppress degradation of the per- 
formance caused by the heat leak and the gas entry at 
the same time. 

[0021] However, the structure of the vacuum heat in- 
45 sulator of the present invention needs not to be limited 
to the above structure. On the assumption of cost re- 
duction of the enveloping member and use of the heat 
insulator at high temperatures, crystalline polypropyl- 
ene (50 p.m) can be used as the heat seal layer in the 
50 above structure of enveloping member 3. for example. 
This structure can improve heat-resistant temperature 
of the vacuum heat insulator. 

[0022] Alternatively, eliminating the polyamide layer 
of the outermost layer and slightly thickening the poly- 
ps ethylene terephthalate layer can reduce the cost due to 
the elimination of the polyamide layer. In this case, deg- 
radation of bending resistance resulting from the elimi- 
nation of the polyamide can be solved by a thickening 
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of the polyethylene terephthalate layer. 
[0023] Moreover, depending on circumstances where 
the heat Insulator Is used, materials and structures of 
the enveloping member 3 should be selected. When the 
heat insulator Is used at a relatively low temperatures, 
such as in a refrigerator or cooler box, high-density pol- 
yethylene or the like is suitable as a material for the heat 
seal layer. When the heat Insulator is used at a relatively 
high temperatures, such as in a water heater, the crys- 
talline polypropylene, the ethylene vinyl alcohol copoly- 
mer resin, the polyethylene terephthalate resin or a pol- 
yethylene naphthalate resin are suitable. 
[0024] Alternatively, the enveloping member can be 
made of one kind of laminated film without differentiating 
a front and a back sides of the heat insulator. In this 
case, the sealing types of the enveloping member 3 are 
not limited to a three-side seal. So-called "gusset bag" 
or "pillow bag" can be used. The use of these bags can 
reduce a number of protrusions along outer periphery 
of enveloping member 3 resulting from the heat-sealing 
and further reduce a number of steps of folding the pro- 
trusions. 

[0025] Adsorbent 4 Is placed in a cut-off portion pro- 
vided In a part of laminated core 2 except the uppermost 
and lowermost sheets. This placement can address the 
problem that the protruded adsorbent 4 may break en- 
veloping member 3 in the production of the vacuum heat 
insulator. 

[0026] As a material of adsorbent 4. the COMBO 
GETTER supplied by SEAS Getters is excellent, which 
can absorb and remove moisture and carbon dioxide as 
well as oxygen and nitrogen. Therefore, degradation of 
degree of vacuum of the vacuum heat Insulator 1 can 
be Inhibited for a long period of time. Other examples of 
the.usable material Include moisture adsorbent, such as 
calcium oxide and calcium chloride, and AGELESS (a 
registered trademark of Mitsubishi Gas Chemical Co., 
Inc). As a carbon dioxide adsorbent, any materials com- 
prising calcium hydroxide can be used. When these in- 
organic compounds are further combined with the 
above COMBO GETTER of the SEAS Getters, the effect 
as adsorbent is improved and the property of vacuum 
heat insulator 1 can be maintained for a long period of 
time. 

[0027] Core 2 Is laminated with four sheets of inorgan- 
ic fiber 2a. Cut-off portion 2b is provided along a side of 
inorganic fiber 2a. Adsorbent 4 is disposed in the cut-off 
portion 2b. This structure prevents adsorbent 4 from 
forming a protrusion on the surface of the heat Insulator. 
This structure makes the fluid resistance of the gases 
on the surface of the sheet different from that between 
the plurality of laminated sheets at a time of evacuation 
of the heat insulator. As a result, vortex flow occurs in a 
air flow of sucked air, and the vortex flow improves evac- 
uation efficiency, thus remarkably improving the produc- 
tivity. 

[0028] As another example of core 2, as shown in Fig. 
3, recess 2b can be formed in the first layer of the inor- 



ganic fiber 2a to house the adsorbent 4. Alternatively, 
as shown in Fig. 4. through hole 2d can be formed 
through an Intermediate layer of inorganic fiber 2a to 
house the adsorbent 4. Alternatively, as shown in Fig. 

s 5. through holes 2e can be formed through all the layers 
of the inorganic fiber 2a to house the adsorbent 4. 
[0029] The number of sheets 2a to be laminated is not 
specifically limited. However, In order to prevent adsorib- 
ent 4 from forming a protrusion, at least three sheets are 

10 preferable. In consideration of improvement in produc- 
tivity, at least four sheets are more preferable. 
[0030] In the present embodiment, the core 2 contain- 
ing 50 to 65 wt. % of SiOj, 10 to 20 wt. % of AI2O3 and 
CaO each, and 1 to 4 wt. % of MgO, is used as the com- 

15 position of the material. 

[0031] Si02 is used as a major constituent because 
the material has a low heat conductivity and low cost. 
The content of Si02 suitable for the vacuum heat insu- 
lator 1 preferably ranges from 50 to 65 wt.% In the com- 

20 position of the material, and more preferably from 55 to 
60 wt.% thereof. 

[0032] AI2O3 is contained to improve a heat resist- 
ance of the core 2. In consideration of the heat conduc- 
tivity of AI2O3 itself, less content is more preferable. 

25 When the balance of the heat resistance and heat con- 
ductivity is considered, the recommendable amount of 
AI2O3 to be added ranges 10 to 20 wt.%. If an amount 
of AI2O3 of is less than 10 wt. %, the heat resistance is 
poor. If an amount exceeds 20 wt. %, the heat Insulating 

30 property of the vacuum heat insulator 1 tend to degrade. 
[0033] On the other hand, CaO serves to adsorb 
moisture, and an added amount of 1 0 to 20 wt. % of CaO 
provides excellent heat insulating property. Even when 
the amount is increased to more than 20 wt. %, the effect 

35 is not so improved. If the amount Is less than 10 wt. %. 
the effect of improving the performance of the vacuum 
heat insulator 1 by moisture adsorption is not recog- 
nized. 

[0034] The addition of MgO is effective in Improving 

<o mutual cohesive force of the fibers. Particulariy when 
fiber sheets are produced by wet paper forming method, 
the addition of MgO is more effective. With addition of 
1 to 4 wt. % of MgO, improvement In cohesive force is 
recognized, and with an amount exceeding 4 wt. %. the 

45 effect remains the same. When the added amount of 
MgO is reduced, the cohesive force decreases. There- 
fore, addition of 1 to 4 wt. % of MgO is preferable. 
[0035] The material composiUons of the fiber used for 
core 2 are described as above. Because the diameter 

50 and a bulk density of the fiber also influence the heat 
insulating property of the vacuum heat insulator 1 , opti- 
mum physical properties should be specified. 
[0036] As for the fiber diameter of the core 1, 1 to 3 
^m is preferable. For a fiber diameter smaller than 1 ^m. 

55 manpower in production of the fibers remartcably in- 
creases. Moreover, as a special equipment for produc- 
ing fibers themselves is required, industrially economi- 
cal production becomes difficult. In addition, fibers are 
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excessively entangled with each other to form large fi- 
brous aggregates and thus large pores are formed. This 
increases the gas heat conductivity based on gas heat 
conduction, thus degrading the heat insulating property. 
[0037] When the fiber diameter is larger than 3 |im, 
pores formed by aggregation of the fibers are large. For 
this reason, the heat conduction by gases gives greater 
influence; thus, the heat insulating property degrades. 
In order to inhibit the heat conduction by gases, a degree 
of vacuum of approximately 1 3 Pa, which allows efficient 
industrial production, is insufficient, and a degree of vac- 
uum of approx. 0.13 Pa is required. But, an efficient in- 
dustrial production is difficult. 
[0038] Therefore, in consideration of industrial pro- 
ductivity, a fiber diameter ranging from 1 to 3 jim is suit- 
able. A fiber diameter ranging 2 to 3 ^m is more prefer- 
able. 

[0039] On the other hand, even the material having 
such a fiber diameter range may adversely affect the 
heat insulating property of the vacuum heat insulator if 
the bulk density of the fiber itself is not appropriate. 
When the bulk density of the fiber is higher than 0.3 g/ 
cm^, the solid heat conduction of the fiber itself gives 
greater influence, and degrades the heat insulating 
property. In addition, such a high bulk density reduces 
flexibility of the heat insulator imparted by the use of a 
fiber material, thus making the heat insulator unsuitable 
for an application to protruded and recessed portions. 
The application against such portions is one of the char- 
acteristic features of the present invention. 
[0040] When the bulk density of the fiber is lower than 
0.1 g/cm^, the proportion of the fibers in a given space 
reduces and air gap increases. This results in an in- 
crease of the gas heat conduction, thus degrading the 
heat insulating property of the vacuum heat insulator. 
Another problem is that atmospheric compression at a 
time of production of the vacuum heat insulator increas- 
es the degree of deformation and makes it difficult to 
produce a vacuum heat insulator of stable shape. 
[0041] As a result, the bulk density of a fiber material 
suitable for the vacuum heat insulator preferably ranges 
from 0.1 to 0.3 g/cm^, and more preferably from 0.1 to 
0.2 g/cm3. 

[0042] In order to form fibers into a sheet, it is desir- 
able to bind the fibers using a binder. However, inappro- 
priate type of the binder or an amount of the binder af- 
fects the heat insulating property of the vacuum heat in- 
sulator. 

[0043] For example, using of an inorganic material as 
a binder results in a high density of the sheet. Even with 
organic binders, thermosetting resins, such as phenolic 
resin, cause gasification of unreacted monomers in a 
vacuum atmosphere. The gasification degrades the de- 
gree of vacuum, thus adversely affecting the heat insu- 
lating property of the vacuum heat insulator. 
[0044] On the other hand, when thermoplastic resins 
are used as a binder, the above adverse effect caused 
by unreacted monomers can be reduced. When the 



sheets are produced by the wet paper forming method, 
a use of water-soluble polymers is preferable. From 
such a viewpoint, water-soluble acrylic resins are suita- 
ble. Being water-soluble polymers, the water-soluble 
5 acrylic resins can uniformly disperse on the surface of 
fibers, even when a sheet is produced by the method. 
Thus, a fibrous sheet having uniform bonding strength 
can be obtained. 

[0045] Even when the water-soluble acrylic resins are 
10 used as a binder, the amount to be added is an important 
factor. For an amount of less than 3 wt. %. a sheet of 
fibers can be formed but is broken when wound like a 
roll. Thus, stable production Is difficult. For an amount 
exceeding 10 wt. %. the viscosity of the slurry used in 
15 production by the wet paper forming method is high, 
thus deteriorating the productivity. 
[0046] For these reasons, the suitable amount of the 
acrylic binder to be added ranges from 3 to 5 wt. %. An 
amount from 3 to 4 wt. % Is more preferable. 
20 [0047] However, when the productivity of the sheets 
of fibers can be neglected, excellent heat-insulating 
property as a vacuum heat insulator can be obtained 
even using no binder. 

[0048] Hereinafter a specific method of producing the 
25 vacuum heat insulator 1 of the present invention is de- 
scribed. 

[0049] The core 2 of the above structure is dried in a 
drying oven at a temperature of 130 °C for one hour. 
Thereafter, enveloping member 3 is filled with the core 

30 together with adsorisent 4, evacuated, and then sealed 
to form vacuum heat insulator 1 . 
[0050] A heat conductivity of the vacuum heat insula- 
tor 1 obtained in this manner ranges 0.0035 to 0.0038 
W/mK at an average temperature of 24 ®C. It has proved 

35 that the value is approximately twice as excellent as 
those of a conventional vacuum heat insulator using sil- 
ica power and a vacuum heat insulator using an open- 
pored urethane foam. 



[0051] Fig. 6 is a perspective view of a refrigerator in 
accordance with a second embodiment of the present 
invention. Refrigerator 5 of the present embodiment us- 
es, as heat insulator 1 , the vacuum heat Insulator de- 
scribed in the first embodiment. The refrigerator 5 has 
a freezer compartment 6 at a bottom and a machine 
room 7 at a back bottom portion. A refrigerant piping 8 
is attached to outer box 9 with aluminum tapes. A rigid 
urethane foam (not shown) using cyclopentane as a 
foaming agent is filled in a space between an inner box 
(not shown) and outer box 9. On both side faces of a 
freezer compartment 6 of the refrigerator 5, vacuum 
heat insulator 1 produced in accordance with the first 
embodiment is provided. Between the vacuum heat in- 
sulator 1 on the sidewalls of the freezer compartment 
and outer box 9 to which the vacuum heat insulator is 
to be attached, high-temperature refrigerant piping 8 is 



40 Second Embodiment 
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provided. Moreover, the heat insulator 1 is shaped to 
substantially cover the sidewalls of the freezer compart- 
ment. Furthermore, the aluminum foil side of the com- 
posite film of the vacuum heat insulator 1 is placed on 
a side exposed to the high-temperature refrigerant pip- 
ing 8. 

[0052] This structure allows efficient heat insulation of 
the sidewalls of the freezer compartment and inhibits 
entry of the heat from the high-temperature refrigerant 
piping into the freezer compartment, thus providing a re- 
frigerator having low power consumption . Moreover, this 
structure can also inhibit the degradation of the heat in- 
sulating property caused by liquefaction and decrease 
of a urethane blowing agent that occurs when it is cooled 
to a temperature of - 18 °C. 

[0053] In addition, the refrigerator 5 of the present in- 
vention also has the vacuum heat insulator 1 between 
machine room 7 and the freezer compartment 6. The 
temperature is highest in machine room 7 because the 
compressor operates therein. Therefore, the use of the 
vacuum heat insulator 1 is effective. 
[0054] Having flexibility, the vacuum heat insulator 1 
of the present invention can be applied along the stere- 
oscopic shape of the machine room. Moreover, having 
high heat resistance, the vacuum heat insulator 1 can 
be used for the space between the machine room 8 and 
the freezer compartment 6. and can be provided in a 
machine room. Thus, a refrigerator excellent in energy 
saving and cost-performance can be provided. 

Third Embodiment 

[0055] Fig. 7 is a sectional view of a heat insulation 
box in accordance with a third embodiment of the 
present invention. The heat insulation box 101 forming 
a refrigerator uses vacuum heat insulator 1 of the first 
embodiment. The heat Insulation box 101 comprises an 
inner box 102 of a vacuum-molded ABS resin, an outer 
box 103 of a press-molded iron sheet, and a flange 104. 
To form the heat insulation box 101, the vacuum heat 
insulator 1 is provided inside of the box beforehand and 
then rigid urethane foam 106 is filled and foamed into a 
space other than the vacuum heat insulator 1. 
[0056] Fig. 8 is a schematic view of the heat insulation 
box 101 . Atop wall of the heat insulation box Is provided 
with one sheet of the vacuum heat insulator 1, a back 
wall one sheet, and side walls two sheets. According to 
the shape of the heat insulation box 1 , the sheet of vac- 
uum heat insulator 2 used for each side wall is cut along 
one side to fit to a shape of the sidewall. 

Fourth Embodiment 

[0057] Fig. 9 is a schematic view of a heat insulation 
box in accordance with an example of the present em- 
bodiment. 

[0058] Heat insulation box 108 is used as a cooler, 
and comprises a box 109 and lid 110. 



[0059] Fig. 1 0 is a schematic view of a box in accord- 
ance with another example of the present embodiment. 
[0060] Box 109 is integrally molded by adhering the 
vacuum heat insulator 1 onto an inner surface of an out- 

s er box 102 using double-sided adhesive tapes in a 
space formed by the inner box 111 and the outer box 
112 made of polypropylene, and thereafter filling and 
foaming the space between inner box 111 and outer box 
103 other than vacuum heat insulator 1 with rigid ure- 

10 thane foam 106. 

[0061] Fig. 11 is a schematic view of a lid in accord- 
ance with still another example of the present embodi- 
ment. 

[0062] The vacuum heat insulator 1 including the ad- 
15 sorbent 4 is disposed in a foamed polystyrene 113, and 
packed in a space formed by an inner frame 114 and an 
outer frame 115. 

[0063] With reference to Fig. 10. vacuum heat insula- 
tor 1 is made by bending a sheet of vacuum heat insu- 
20 later into the C-shape to fit to a shape of heat insulation 
box 109. 

[0064] Having a sheet-form core, vacuum heat insu- 
lator 1 can be bent into the C-shape easily. This im- 
proves a coverage of the vacuum heat insulator 2 on the 

25 heat insulation box 9. thus improving the heat insulating 
property of the heat insulation box 109. 
[0065] With reference to Fig. 11, lid 110 comprises a 
foamed polystyrene 113 having a recess that has been 
formed to fit to the shape of the vacuum heat insulator. 

30 and the vacuum heat insulator 1 buried Into the recess. 
The polystyrene is placed in a space formed by the inner 
frame 114 and the outer frame 115 made of polypropyl- 
ene. 

[0066] As the vacuum heat insulator 1 used for lid 1 1 0 

35 is smaller than the vacuum heat insulator used for the 
box 109, a ratio of areas of sealing portions in the en- 
veloping member increases in the vacuum heat insula- 
tor 1 . This Is considered to give greater influence of gas- 
es entering from the sealing portions of the enveloping 

<o member with -long period time, and increases an aged 
degradation of the performance of the vacuum heat in- 
sulator, and thus degrade the heat insulating property. 
For this reason, adsorbent 4 is used for the vacuum heat 
insulator 1 for the lid 110. 

45 [0067] It is desirable to use an adsorbent 4 that is 
made of a room temperature activation type getter ma- 
terial for adsorbing and removing at least nitrogen, ox- 
ygen, moisture, and carbon dioxide. Specific examples 
Include an oxygen adsorisent essentially consisting of 

50 iron powder, which is commercially available under a 
trade name of AGELESS, for example. 

Fifth Embodiment 

55 [0068] Fig. 1 2 is a sectional view of a heat insulation 
box of the present embodiment. 
[0069] Heat Insulation box 118 forming a refrigerator 
comprises an inner box 119 of a vacuum-molded ABS 
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resin, and an outer box 120 of a press-molded iron 
sheet. Vacuum heat Insulator 1 is provided between the 
Inner box 119 and the outer box 112, and the space other 
than vacuum heat insulator 1 Is filled and foamed with 
rigid urethane foam 121. 5 
[0070] A thermoplastic resin 1 22 is applied to an inner 
surface of the outer box 120 beforehand so as to fit to 
an outer periphery of core 2 and have a width of 10 mm. 
Thermoplastic resin 122 Is heat-sealed to the heat seal 
layer of the enveloping member 3 of the vacuum heat 10 
insulator 1 . Desirable thermoplastic resins include high- 
density polyethylene, low-density polyethylene, and 
polypropylene. 

[0071] In the present embodiment, because a lami- 
nated sheets of an inorganic fiber that is light, excellent is 
in surface planarity, and thin is used as the core, an ad- 
hesive property between the vacuum heat insulator and 
the inner surface of the outer box is excellent. This im- 
proves the heat insulating property. In addition, being 
light and thin, the vacuum heat insulator is not displaced 20 
by its own weight when attached to the inner surface of 
the outer box. Furthermore, having a thin core, the vac- 
uum heat insulator 1 does not hinder the fluidity of the 
rigid urethane foam when it is filled into the space be- 
tween the inner box 119 and the outer box 112 and 25 
foamed. Thus, the rigid urethane foam can be uniformly 
filled without forming any void. Therefore, the heat insu- 
lating property of the entire heat insulation box im- 
proves. 

30 

Sixth Embodiment 

[0072] Fig. 13 is a sectional view of a refrigerator in 
accordance with an exemplary embodiment of the 
present invention. 35 
[0073] Heat insulation box 201 comprises an inner 
box 202 of a vacuum-molded ABS resin and outer box 
103 of a press-molded iron sheet, which are engaged 
with each other via a flange. Vacuum heat insulator 1 1s 
provided inside of the box 201 beforehand, and then rig- <o 
id urethane foam 204 is filled into the space other than 
the vacuum heat insulator and foamed. 
[0074] Heat insulation box 201 is horizontally divided 
by a partition 205. The upper part forms a refrigerator 
compartment and the tower part forms a freezer com- ^5 
partment. Two evaporators 206 are provided. One is 
used for cooling the refrigerator compartment and an- 
other is used for cooling the freezer compartment. 
[0075] in addition, a compressor 208. a control circuit 
board 209, and a condenser 200 are disposed in a ma- so 
chine room 207 at the bottom of the refrigerator. The 
evaporator 206 for cooling the freezer compartment is 
disposed outside of the machine room and inside of the 
Inner box 202. The heat insulation box 201 is formed so 
as to house the evaporator in this manner. 55 
[0076] Because the vacuum heat insulator 1 of the 
present invention has excellent heat insulating property, 
even a thin sheet of the vacuum heat insulator 1 can 
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provide sufficient heat insulation, thus greatly contribut- 
ing to increasing the volume of the storage space in the 
refrigerator. Especially, although the disposing of the 
two evaporators decreases a volume of the refrigerator 
compartment in the present embodiment, the use of the 
thin and excellent vacuum heat insulator 1 can inhibit 
the decrease in the volume of the storage space in the 
refrigerator. 

[0077] A disposing a plurality of sheets of vacuum 
heat insulator 1 on the back, side, and top walls of the 
refrigerator can further increases the volume of the stor- 
age space in the refrigerator. However, the disposing of 
a large number of vacuum heat insulator 1 may increase 
the cost. 

[0078] As for a method of disposing the vacuum heat 
insulator of the present embodiment, the vacuum heat 
insulator 1 is attached to the inside of the outer box 203 
with a double-sided adhesive tapes or the like, and 
thereafter the space between the Inner box 202 and out- 
er box 203 is filled and foamed with a rigid urethane 
foam 204. 

[0079] In addition, for the refrigerator of the present 
embodiment, the heat insulating part in partition 205 is 
also integrally filled with rigid urethane foam 204. The 
vacuum heat insulator 1 is also disposed in partition 205 
to reduce a thickness of the partition. This contributes 
to increasing the volume of the storage space in the re- 
frigerator. 

[0080] In the present embodiment, the upper part of 
the heat insulation box 201 divided by the partition 205 
is a refrigerator compartment, and the lower part is a 
freezer compartment. The refrigerator compartment 
may be further divided to provide a refrigerator compart- 
ment and a crisper, for example. The freezer compart- 
ment may be further divided to provide a freezer com- 
partment, ice-maker, and partially freezing compart- 
ment. 

[0081] The vacuum heat insulator 1 provided in a heat 
insulating part for separating machine room 207 and the 
freezer compartment is bent and shaped to fit to the ma- 
chine room 207. Using the sheet-shape core, the vacu- 
um heat insulator 1 can be bent easily with excellent pro- 
ductivity. When a plurality of sheets of the vacuum heat 
insulator are combined for insulation in a conventional 
manner, a gaps between each sheet of the vacuum heat 
insulator cause degradation of the heat insulating prop- 
erty. In contrast, as shown in the present invention, the 
use of a sheet of the vacuum heat insulator that can be 
bent results in an improvement in heat insulating prop- 
erty that leads to an energy saving by a shorter operat- 
ing time of the compressor 208. 
[0082] In the present embodiment, the freezer com- 
partment, the compressor 208, the control circuit board 
209, and the condenser 200 are insulated by the vacu- 
um heat insulator 1 at a time. 
[0083] Therefore, a temperature increase in the freez- 
er compartment caused by a heat generated from the 
compressor, the control circuit board, and the condens- 



EP 1 275 894 A1 



7 



13 EP 1 275 

ercan be inhibited, tn the present embodiment, because 
each of the compressor and freezer compartment, the 
control circuit board and freezer compartment, and the 
condenser and freezer compartment need not be insu- 
lated separately, the heat insulation can be performed 5 
very efficiently. 

[0084] In addition, because inorganic fibers are non- 
flammable, the vacuum heat insulator has a non-flam- 
mable structure and unlikely to generate toxic gases. 
Therefore, the refrigerator using this vacuum heat insu- 
later is also non-flammable. For such a reason, the re- 
frigerator is also excellent in safety. 
[0085] Furthermore, even when flammable substanc- 
es such as carbon-hydride are used for the refrigerator 
as a foaming agent of the foamed resin, refrigerant, or is 
the like, the vacuum heat insulator has an non-flamma- 
ble structure because the inorganic fibers are used. 
Thus, the refrigerator of the present embodiment can be 
a refrigerator excellent in safety. 

20 

Seventh Embodiment 

[0086] Fig. 14 is a sectional view of heat insulation 
box 210 forming an insulation box, in accordance with 
the sixth embodiment of the present invention. 25 
[0087] Insulation box 210 comprises a body 211. a lid 
212, an outer box 21 3, an inner box 214, a cold storage 
unit 215, a heat insulator 216. and a vacuum heat insu- 
lator 1 . 

[0088] In application to the insulation box 210, be- 30 
cause vacuum heat insulator 1 of the present invention 
has flexibility, it can integrally be attached to the insula- 
tion box of substantially cubic shape if it is bent before- 
hand. Thus, because a number of joints of vacuum heat 
insulator 1 can be reduced, heat leak from the joints can 35 
be reduced. 

[0089] Moreover, when protrusions and recesses for 
housing the cold storage unit 215 are formed in the lid 
212, the vacuum heat insulator 1 can be attach to the 
protrusions and recesses because it has flexibility, 
Thus, the heat insulation property can be efficiently im- 
proved. 

[0090] Because the insulation box 210 of the present 
embodiment can sufficiently use effects of the vacuum 
heat insulator 1 , the heat insulating property that the 45 
conventional insulation box could not provide can be ob- 
tained. Therefore, such an insulation box can be used 
as a medical cold-box requiring stricter temperature 
control, as well as a leisure cooler. 
[0091] The materials of the cold storage unit 21 5 are so 
not specifically limited. Commercially available general 
cold storage agents can be used, the insulator 216 is 
not specifically limited as well. Examples of the usable 
heat insulator include commercially available foamed 
resins such as a rigid urethane foam and polystyrene ss 
foam, and fiber materials such as glass wool. 
[0092] Vacuum heat insulator 1 can be attached to ei- 
ther one of the outer box 213 and the inner box 214 in 
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the body 211 . In either case, the same effect can be ob- 
tained. 

Eighth Embodiment 

[0093] Fig. 15 is a sectional view of a water heater in 
accordance with an exemplary embodiment of the 
present invention. The water heater 317 comprises a 
body 318, a hot water reservoir 319. a lid 320, a heater 
321. and vacuum heat insulators 1. The vacuum heat 
insulator 1 is attached so as to wind around the outside 
of the hot water reservoir 319. In addition, the vacuum 
heat insulator 1 is bent and extended to the vicinity of 
the heater 321 . Furthermore, the vacuum heat insulator 
1 is provided in a recess in the lid 320. 
[0094] In the water heater 317 of such a structure, as 
the inorganic fiber material having high heat resistance 
is used as the core, the vacuum heat insulator 1 Is un- 
likely to be degraded by heat. Thus, the heat insulator 
has no problem when the water heater is used even for 
a long period of time. Moreover, having flexibility, the 
vacuum heat insulator 1 can be bent, extended to the 
vicinity of the heater, and used in the recess in the lid. 
[0095] Because the vacuum heat insulator 1 has high 
heat resistance and flexibility, water heater 317 of the 
present embodiment can efficiently reduce the power 
consumption and realize downsizing. 

INDUSTRIAL APPLICABILITY 

[0096] As described above, the vacuum heat insulator 
of the present invention uses laminated sheets of an in- 
organic fiber as the core. The heat insulation box of the 
present invention uses the vacuum heat insulator of the 
present invention. Therefore, because the vacuum heat 
insulator generates very little gas with time and has ex- 
cellent workability, a heat insulation box excellent in 
long-term reliability and productivity can be obtained. In 
addition, the use of a thin sheet-form material as the 
core makes the heat insulation box thinner, thus contrib- 
uting to a space saving of the heat insulation box. 
[0097] Because the core used for this invention can 
be shaped easily, lamination and machining such as a 
bending and a forming of a cut-off portion, recess, or 
through hole can be performed easily. Therefore, a vac- 
uum heat insulator suitable for a required heat insulation 
portion can be produced easily and applied to a heat 
insulation box, such as a refrigerator. In other words, 
coverage of the vacuum heat insulator in the heat Insu- 
lation box increases and thus the heat insulating prop- 
erty of the heat insulation box also improves. In addition, 
the vacuum heat insulator uses a thin sheet-form core. 
Therefore, when used for a partition in the heat insula- 
tion box, the vacuum heat insulator can provide a thin 
partition, thus allowing efficient use of the space In the 
heat insulation box. 

[0098] For these reasons, the use of the vacuum heat 
insulator of the present invention for the equipment re- 
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quiring heat insulation, such as a refrigerator, accom- 
plish improvement in the productivity and energy saving 
as well as downsizing of the equipment. 

5 

Claims 

1. A heat insulation box comprising: 

an inner box having an opening at least a part io 

thereof; 

an outer box; 

a lid for closing the opening; and 
a vacuum heat insulator disposed between said 
inner box and said outer box. said vacuum heat is 
insulator comprising: 

a core made of a laminate of at least two 
layers of a sheet-form inorganic fiber; and 
a laminated film sandwiching said core. 20 

2. The heat Insulation box according to claim 1 , where- 
in said laminated film disposed on one side of the 
laminate comprising said vacuum heat insulator, 
and said laminated film disposed on the other side 25 
of the laminate have different lamination structures. 

3. The heat insulation box according to claim 1 , further 
comprising an adsorbent. 

30 

4. The heat insulation box according to any one of 
claims 1 through 3, wherein said heat insulation box 
is one selected from a group consisting of a refrig- 
erator, a thermal storage box. a cold storage box, a 
vending machine, and a water heater. 35 

5. The heat insulation box according to any one of 
claims 1 through 3, further comprising a freezer 
compartment at a bottom thereof and a machine 
room outside thereof, wherein said vacuum heat in- 
sulator covers sidewalls of said freezer compart- 
ment, and a space between said inner box and said 
outer box other than said vacuum heat insulator is 
filled with a foamed resin. 

45 

6. The heat insulation box according to claim 5, where- 
in high-temperature refrigerant piping is provided 
between said vacuum heat insulator and said outer 
box. 

so 

7. The heat insulation box according to claim 5. where- 
in said vacuum heat insulator is provided between 
said machine room and said freezer compartment. 

8. The heat insulation box according to any one of 55 
Claims 1 through 3. wherein said lid has a protru- 
sion and a recess inside thereof, one of a cold stor- 
age unit and thermal storage unit is attached to the 



protrusion and the recess, and said vacuum heat 
insulator is shaped to fit to the protrusion and the 
recess. 

9. The heat insulation box according to any one of 
claims 1 through 3, wherein said heat insulation box 
further comprises a plurality of independent com- 
partments having different temperature ranges and 
an evaporator for each of said compartment, and 
said vacuum heat insulator is disposed in a heat in- 
sulating portion behind at least one of the evapora- 
tors. 

10. The heat insulation box according to any one of 
claims 1 through 3, wherein said vacuum heat insu- 
lator is disposed in a partition between said plurality 
of compartments. 

11. The heat insulation box according to any one of 
claims 1 through 3, further comprising a compres- 
sor, wherein said vacuum heat insulator is disposed 
in a partition between said compressor and said in- 
ner box. 

12. The heat insulation box according to any one of 
claims 1 through 3, further comprising a control cir- 
cuit board, wherein said vacuum heat insulator is 
disposed in a partition between said control circuit 
board and said inner box. 

13. The heat insulation box according to any one of 
claims 1 through 3, further comprising a condenser 
in a bottom thereof, wherein said vacuum heat in- 
sulator Is disposed in a partition between said con- 
denser and said inner box. 

14. The heat insulation box according to any one of 
claims 1 through 3, wherein said heat insulation box 
has a thermoplastic resin layer on at least a portion 
of an inner surface of a space between said outer 
box and said inner box, and said vacuum heat in- 
sulator is adhered to said heat insulation box with 
the thermoplastic resin layer by a hot melt bonding. 

15. The heat insulation box according to any one of 
claims 1 through 3, wherein said inner box is a hot 
water reservoir. 

16. The heat insulation box according to claims 15, 
wherein said vacuum heat insulator Is provided in a 
space in said lid, and said vacuum heat insulator is 
shaped to fit to a shape of a lower portion of said lid. 

17. A vacuum heat insulator comprising: 

a core made of a laminate of at least two layers 
of a sheet-form inorganic fiber; and 
a laminated film sandwiching said core. 
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18. The vacuum heat insulator according to claim 15, 
wherein said inorganic fiber comprises Si02 as a 
main component. AI2O3, CaO. and MgO. 

19. The vacuum heat insulator according to claim 17, 5 
wherein said inorganic fiber has a fiber diameter 
ranging from 1 to 5 ^m and a bulk density ranging 
from 0.1 to 0.3 g/cm^. 

20. The vacuum heat insulator according to claim 17, 10 
wherein said inorganic fiber is formed in sheet-form 
using a binder made of a thermoplastic resin, said 
thermoplastic resin being an acrylic resin, and an 
added amount of said thermoplastic resin ranging 
from 3 to 1 0 wt. % of said sheet-form inorganic fiber, is 

21. The vacuum heat insulator according to claim 20, 
wherein said thermoplastic resin is an acrylic resin. 

22. The vacuum heat insulator according to claim 17, 20 
wherein a cut-off portion is provided in a part of said 
sheet-form inorganic fiber. 

23. The vacuum heat insulator according to claim 22, 
wherein an adsorbent is disposed in said cut-off 25 
portion. 

24. The vacuum heat insulator according to claim 17. 
wherein a recess is provided in at least one portion 

of said sheet-form inorganic fiber. 30 

25. The vacuum heat insulator according to claim 17, 
wherein a through hole is provided in at least one 
portion of said sheet-form inorganic fiber. 

35 
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Reference NumeralB 

1 Vacuum heat insulator 

2 Core 

2a Sheet-form inorganic fiher 

2b Cut-off portion 

3 Enveloping member 

4 Adsorbent 

5 Refrigerator 

6 Freezer compartment 

7 Machine room 

8 Refrigerant piping 

9, 103, 112. 120, 203, 213 Outer box 

101, 108. 201 Heat insulating box 

102, 111, 119, 202, 214 Inner box 
104 Flange 

106. 121> 204 Rigid urethane foam 

109 Box part 

110, 212 Lid 

113 Foamed polystyrene 

114 Inner frame 

115 Outer frame 

118 Heat insulating box (refrigerator) 

122 Thermoplastic resin 

200 Condenser 

205 Partition 

206 Evaporator 

207 Machine room 

208 Compressor 

209 Control board 

210 Insulating box 

211 Body 

215 Cold storage unit 

216 Heat insvdating material 

317 Water heater 

318 Body 

319 Hot water reservoir 

320 Lid 

321 Heater 
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